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SUMMARY

Subject. This report covers tests conducted by the Engineer
Research and Development Laboratories as requested by the Depart-
ment of the Navy. Funds were provided by the Bureau of Asronautics
for the ERDL to determine the effect of hydraullic pressure on the
fire extinguishing characteristice of fog foam; and to determine
experimentally standards of performance for fog foam nozzles.

Investigation. Performance tests were conducted with all the
fog foam nozzles under consideration and subsequently, fire tests
wore made with several nozzles having various percent foam yields.
The fire tests were carried out for the purpose of camparing, corre-
lating, and evaluating the performance tests results with the asctual
test fires. Throughout the entire investigation, the foam solution
contained 6 percent of foam liguild by volume. From these studies,
standard procedures in using different types of fog foam appliances
wore developed. The nozzles which produced the highest foam ylelds
and had the most effective nozzle pressures for use in fire fight-
ing were ascertained.

Conclusions. The report concludes that the fire extinguishing
effectiveness of fog foam nozzles is indicated by these standards:
(1) fosm yield percent; (2) rate of application; and (3) water
content of foam (6 to 9 expansion) output in gallons per minute.
The test procedure set forth in the screening tests (par. 18) is a
satisfactory means of evaluating the fire fighting effectivensss of
fog foam nozzles. On the bases of the foam used and the nozzles
employed, the most effective nozzle pressure was between 200 and
300 pel. Aspirating type nozzles produced higher foam yields than
did the non-aspirating type.

Recommendations. The report recommends that the standards of
performance and the test procedures (pars. 17 and 18) be adopted by
the Department of National Defense for use In the design of fog
foam nozzles and in their evaluation for fire fighting.




FOG FOAM STUDIES

I. TINTRODPUCTION

1. Subject. This repart covers tests conducted by the Engi-
neer Research and Development Laboratories as requested by the De-
partment of the Navy. Funds were provided by the Bureau of Asro-
nautics for the ERDL to accomplish the following:

a. Determine the effect of hydraulic pressure on the
fire extinguishing characteristics of fog foam.

b. Determins experimentally standards of performance
for fog fosm nozzles.

2. Authority. The authorlty for conducting this Investiga-
tion is contained in the following:

a. Letter from the Chief of Engineers to the Engineer
Research and Development Laboratories, file ENGNC, dated > January
1949, subject: Test of Fog Fosm for Airplane Crash Fire Fighting
(Project 8-76-01-001, Authorized Investigations, Fire Fighting).

b. Interdepartmental Govermment Order from the Bureau
of Aeronsntics, Department of the Navy to the Corps of Engineers,
Department of the Army, dated 2 December 1948, subJect: ORDER NAer
00806. APPROP'N 1791502.003, Aviation Navy 1949, Acct. 39831,
Bureau Control No. 61000, Program 361A.

¢. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. C. to the Engineer Research and Development
Laboratories, file 45576, Aer-SE-31, (15 June 49) dated 15 June
1949, subject: Fogfoam for Fire Extinguisiment - Evaluation of.

d. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. €. to the Bngineer Research and Develomment
Laboratories, file 50213, Aer-SE-31, NAER-00806, (30 June 49) dated
30 June 1949, subject: Test of Fog Foam for Airplane Crash Fire
Fighting (Projsct 8-76-01-001, Authorized Investigations, Fire

Fighting).

e. Letter frum Department of the Navy, Bureau of Aero-
nautics, Washington, D. C. to the Engineer Research and Development
Laboratories, file 95468, Aer-SE-31, (22 Sep 49) dated 22 September
1949, subJect: Fog Foam for Fire Extinguistment - Evaluation of.

f. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. C. to the Engineer Research and Development
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Laboratories, file 214956, Aer-SE-31 (2 Dec 49) dated 2 December
1949, subject: Fog Foam for Fire Extinguisiment - Evaluation of.

Copies of these letters appear in Appendix II to this report.

3. Terminology. The following definitions describe technical
terms used in the report:

a. Water fog. A finely divided spray of water.

b. Foam liquid. A concentrated hydrolized protein liquid
conforming to Specification JAN-C-266, 5 August 1946, entitled
"Mechanical Foam, Type 5."

c. Foam solution. A dilute water solution of foam liquid.

d. Fosm. An aerated mass of bubbles generated from the
foam solution.

e. Fog foam. Foeam in spray form discharged fram a water
fog nozzle. )

f. Expansion. The ratlo of the volume of foam to the
volume of foam solution from which it was produced.

g. Breakdown. The collapse of the foam.

h. Drainage. Volume of foam solution separating from a
given volume of foanm.

i. Drainage rate. The average volume in cubic centi-
moters of foam solution drained per minute from the first to the
fourth minute after the sample was collected.

J. [Twenty-five percent drainsge time. The time required
for drainage of one quarter of the foam solution from the foam.
This criterion wag developed by the Naval Research Laboratory,
Washington, D. C.1

k. Stability. The resistance of foam to breakdown.

1. Foam pattern. The actual ground area covered by
falling foam as expelled from the nozzle.

1. Naval Research Laboratory, Engineering Research Section, Chemia-
try Division, Report on Foem Standardization Methods, 26 April
1948.
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m. Foam blanket. The total ground area covered by
falling and flowing foam at the end of a specified time interval.

n. Foam zield. Porcent ratio of the measured foam
volume to the theoretical or calculated foam volume. It 1s calcu-
lated as follows:

) - g * 1

where
V. = Volume of foam pattern

Vg = Volume of foam solution

tx
]

Average expansion

This term is synonymous with nozzle efficiency in converting foam
solution into foam.

o. Theorethical foam volume. The volume of foam calcu-
lated by multiplying the quantity of the foam solution used by the
average expansion.

p. Nozzle pattern. The included angle of discharge.

4. Background. The primary objective of airplane crash fire
and rescue operations is to save life. To accomplish this purpose
a8 rapldly as possible and with minimm risk it is necessary to
utilize agents which quickly reduce the intensity of the fire; pre-
vent developments of, or reduce high temperatures within, the air-
craft; and provide protective atmosphere for personnel and equip-
ment during rescue operations. Untll quite recently water fog and
carbon dloxide were used almost exclusively for the purpose, singly
or in combination. However, these agents provide no protection
against reignition and are rapidly losing favor to mechanical foam,
especlially for rescue of victims from large aircraft.

Mechanical foam applied as a solid stream to a gasoline
fire has immediate extinguishing effect but does not provide the
necessary protection for persomnel and equipment during rescue oper-
ations. On the other hand, mechanical foam appllied as a spray ex-
tinguishes, affords protection against reignition, cools, and pro-
vides a safe working atmosphere for the fire fighting personnel.

Most of the foam crash trucks presently in use are con-
verted water fog trucke which were designed for pump pressures
ranging from 500 to 800 psi.
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No previous studies have been made to determine the true
function of limits of water pressure at the nozzle itself, in gener-
ating and spreading fog foam. It has been suspected for some time
that with water fog nozzles the foam decreased in quality at higher
pressures. The optimum preesure at which the best quality fog foam
was produced had not been determined prior to this investigation.

5. Personnel. R. C. Navarin, Project Engineer, Fire Appar-
atus Section, supervised the tests which were conducted under the
direction of James M. HMayden, supervisor, Fire Equipment Test Area,
Eebee Fleld, assisted by the following test fire fighters: Frank
Chudacek, James L. Allen, Conrad Korzendorfer, Charles W. Dean,
Edward Marosy, Chester F. Owenby, Carroll Mahon, and Edgar Helms.

Consultation on the project was provided by J. E. Malcolm,
Chemical Engineer, Fire Apparatus Section.

II. INVESTIGATION

6. General. The overall plan of the tests wes directed
toward the two objJectives listed in paragraph 1 of the introduction.
The first obJjective, to determine the effect of hydraulic pressure
on the fire extingulshing characteristics of fog foam, was accom-
plished by conducting initial performance tests of all the nozzles
under consideration, and was followed by large-scale pool fire tests
with selected nozzles to verify the results of these tests.

The second obJective, to develop standards of performance
for fog foam nozzles, was attained on the basis of an evaluation of
those factors found during the investigation to have a critical
effect on nozzle performance.

In order to accomplish these obJectives, it was necessary
to determlne the performance of different types of fog foam appli-
ances at various pressures, and to develop standard test procedures
which would give reproducible results.

Throughout the investigation, the type of foam liquid re-
mained the same, the foam solution containing 6 percent of Ffoam
liquid by volume. Protein base (JAN-C-266) fosm liquid was used.

T. Rozzles Tested. The nozzles selected for these tests in-
cluded representative types for the production of fog foam, foam,
and water fog. Some of these are cwrrently in use, while others
are experimental models. The following types are represented:

a. External impinging jets, solid cone.
b. Internal Ilmpinging Jets, solid cone.
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¢. Centrifugal hollow cona.

d. Adjustable hollow cone.
e. Straight stream aspirating with fan-shaped diffusar.
f. Adjustable hollow cane with aspirator.

A complete description of the nozzles which were tested 1s presented
in Appendix I1I.

8. Generasl Test Conditions and Facilities. Weather condi-
tions were a major faotar affecting the final results since the
tests were carried out over a period of one year. Therefore, no
tests were conducted when the wind velocity was over 8 mph, when
rain was falling, or when the ambient temperature was below freez-
ing. The test area and eguipment used are described in the follow-

ing subparagraphs:

a. Test Area. The Burning Fielid is an area of approxi-
mately 100 acrea located on the ocuter boundary of Fart Belvoir., It
is equipped to handle all types of fire tests of equipment ranging
from hand-operated extinguishers to large mobile units having an
output of approximately 2000 ggm of foam.

In order to permlt an extensive variety of tests,
the area is subdivided into several test sites. For the purpose of
this investigation one large section of the Burning Fileld was laid
out Into three test sites as followa: water fog, fog fosm, and
burning pools (¥Fig. 1). A closeup of the fog foam site 1s show in
Fig. 2.

* To facilitate msasurement of the fosm blanket and
pattern, an area 180 feet wids by 110 feet deep was marked out with
stakes at 10-foot intervals in order to form the grid (Fig. 2).

b. Equipment Used in Tests. A list of equipment used
to conduct the fog fomm tests follows: -

(1) Claes 155 crash fire truck fitted with pumping
equimment having rated capacity of 300 gpm at 500 psi (Fig. 3)

(2) 23-inch double-jacket rubber-lined fire hose in
50-foot lengths.

(3) Two Schutte and Koarting Universal Rotameter
flowmeters with respective capacities of 250 and 500 gpm.




18k4-3-729
Fig. 4. Flowmeters and foam proportioning equipment assembly
mounted on two-wheel trailer. Flowmeters were comnected to
main water line with manifold for quick interchangeability.
Foam proportioners necessitated complete removal and repluce-
ment into main water line.




184-3-727
Fig. 5. S8tationary pump unit, comprised of Hale centrifugal
pump with capacity of 750 gpm at 125 psi, driven by Hall
Scott horirzontal engine, Model 136, rated at 140 hp at 2800
rpm, supplying pressure in water system at test area,.




*1007 exunbs uy pejywMpuas
aeeq08 JOulq uo pesodmiredns ueeq svy eBxwqosTp OTZZ0N ‘seamssexd snoTIvA 3% 3893
Jepun 67zz0u £q peonpoad urejjud Foy xequs eurmrejep oq juemdinbe Jo dnjeg ‘9 *Fg
691-¢-H8T




12

(k) Two Hale foam liquid proportioners with respec- v
tive capacities of 120 and 500 gpm. Items 3 and 4 were mounted
on a two-wheel trailer (Fig. 4).

(5) A stationary unit comprising a Hale centrifugal
pump, of 750-gpm capacity at 125 psi, driven by a Hall Scott
Model No. 136 horizontal engine, supplied the desired pressure
to the water system of the test area (Fig. 5).

(6) Standard laboratory equipment for the evaluation
of foam, including graduated cylinders, end glass beakers.

(7) Drainage apparatus caonsisting of 1400-ml drain-
age pans 2 inches high by 7 3/8 inches inside diameter with
drainage spigot and a drainage stand with 6.5 percent slope.

(8) One anemometer and one hygrometer.

9. Nozzle Performsnce Tests. Bach nozzle in turn was mounted
on the turret of the test truck and was tested to determine nozzle
pattern, foam yield, foam pattern, drainage rate, and range. Two
test sites were set up, water fog and fog foeam.

a. Conditions. All nozzles were tested with water .
alone to determine the nozzle pattern as observed against a verti-
cal grid. For these pattern tests, all the appliances were posi-
tioned at the end of the horizontal axis of the vertical grid. Sub- -
sequently, the same nozzles were supplied with foam solution at
various pressures in order to obtain pertinent data concerning the
type of foam produced. For the foam tests, all 23-inch nozzles
were placed on the turret of the test truck and were set 12 feet
above the ground in a horizontal position. Bumper t{pe nozzles
were similarly mounted > feet above the ground and 15-inch hand
lines were placed 4 feet above the ground to simulate actual fire
fighting conditions.

b. Procedure. The nozzle performance tests were divided
into two phases based on the type of extinguishing agent used, water
and foam solutilon.

(1) Water Tests. In these teats the nozzle pattern
was obtained at pressures of from 100 psi to 500 psi for each
sample. The nozzle pattern was observed against a vertical
grid board (Fig. 6) and a photograph was made of each run. .
From these photographs the pattern and qualitative fog density
was observed for each nozzle and pressure.

(2), Fog Foam Testa. The test equipment was set up
as diagrammed in Filg. 7. Unit A represents the equipment

o
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ROTOMETER]\ Y—HALE FOAM PROPORTIONER
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Fig. 7. Yog foam test sotup for screening tests.
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mounted on a trailer, while Unit B represents the equipment on
the Class 155 fire truck. During a run, water was pumped from
a reservoir by the stationary Hale centrifugal pump (1) through
the rotometer (2) or (3) depending on the flow rate, and the
Hale foam proportioner (4), either the 120- or 500-gpm model
depending on the flow rate, where the foam liquid was picked
up from the calibrated drum (5). The foam solution passed
through & sismese fitting (6) through 23-inch fire hoses (7),
to a second siamese fitting (8), into the Class 155 fire truck,
where the pressure was boosted to the desired value by the pump
(9). Pressure was indicated on the gage (10) located on the
fixed turret (11). The nozzle (12) discharging the foam solu-
tion was mounted on the end of the turret (Figs. 8, 9, and 10).
Fig. 11 shows the test area with equipment in place.

The proper rotometer and proportioner for each
run was selected and placed in the line. The 120-gpm propor-
tioner had a normal usable range of 60 to 120 gpm, and the 500-
gpm proportioner had a range of 250 to 500 gpm. Since no
equivalent proportioner was available to cover the range be-
tween 120 and 250 gpm, initial tests indicated that the smaller
proportioner could also perform satisfactorily in the 120- to
200-gpm range, and that the larger unit could perform similar-
1y in the 200- to 250-gpm range. Runs requiring a discharge
of less than 60 gpm made it necessary to premix a 6-percent
foam solution in the tank (13) of the Class 155 crash fire
truck and all tests so conducted were carried out with Unit B
alone (Fig. 7). The delivery rate of the premixed solution
was determined by measuring the depth of mixture in the tank
before and after each test.

The runs were made for a definite time interval:
generally, either for 30 or 60 seconds, depending on the nozzle
discharge rate. Before and after each run the level of foam
liguid in the calibrated drum was measured. Water flow read-
ings were taken on the rotometer during each run. At the mid
point of each test a photograph was taken as a record.

Immediately upon the termination of a run, four
men entered the foam area (Fig. 12). Two men were assigned to
the drainage rate test, each making a separate determination
8o that the results could be averaged. Promptness in obtain-
ing the sample was of great importance. Two additional fosm
samples for the expansion ratio determination were obtained by
the third man. While this was being dons, the fourth man mea-
sured the volume of foam solution collected in the pails within
the fosm pattern. A fifth crew member (not shown in Fig. 12)
measured the foam level in the paills. These individual assign-
ments were necessary because of the rapid change in the foam
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ciharacteristics, The list of calculations used in the fog
foam study and a detailed account of the foam test determlna-
tion procedure are contained 1n Appendices IA and IB, respec-
tively. The apparatus for both tests is showm in Fig. 13.

184-3-311
Fig. 13. Foam samples being analyzed to determine expansion
and drainage rates of foam produced by nozzles under test,
Operator in foreground adds a few drops of octyl alcohol by
means of graduated pipette into dralnage pan to accelerate
breakdown of foam.

The stakes were used as reference in placlag
the pans in the area and in recording the foam blanzet and
pattern. The depth of the foam blanket was measured and re-
corded at the location of each stake in the blanket., A sys-
tem of coordinates was used to facllitate a quick identifica-
tion of each stake (Appendix IC),

The following data and information were re-
corded for various pressures from 100 to 500 psi:

(a) Foam pattern (coverage) produced by all
the nozzles tested.
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(v) Rates of foam solutiaon (consumption).
(¢) Fosm ylelds.
(d) Foem expansion.
(e) Drainage rates.

The items listed from (a) through (e) are considered to be de-
termining factors for the proper evaluatlion of fog foam appli-
ances at any desired pressure.

¢. Results. In all, over 200 individual runs were con-
ducted, because of the wide range in pressure and the number of
cambinations and adjustments of soms of the samples.

Sample data sheets indicating the method used to re-
cord the desired information are included in Appendix 1C. For mare
expedlent comparison and evaluation, the most pertinent data are
listed in Table I. To facilitate croms reference of the data, each
nozzle was assigned a number. These appear in column 1 of Table I.
The type designation is listed in colwm 2. Xach run was also
assigned a number and these are given in column 3.

The pressure for each test which was read directly
from a gage at the nozzle is recorded in column 4. The omission of
data 1s an indicatlon that the capacity of the nozzle exceeded the
capacity of the test equipment. In arder to permit the accumula-
tion of a reasonable quantity of foam for accurate readings, the
duration of each run was varied. Column 5 lists the length of time
in seconds.

The total water and foam liquid in gallons used for
each test run are shown in columns 6 and 7, respectively. The
characteristic water flow in gallons per minute for each nozzle at
the various pressures 1s listed in column 8. The concentration of
foam liquid 1s shown in column §. Close examination of the data
indicates that the percent solution, on the average, varied from 5
to 6. The figure in column 9 was derived from columns 6 and 7.

The foam pattern is estimated in feet (column 10).
The first reading represents the dimension taken slong the axis
perpendicular to the flow stream and the second one denotes the
measure taken along the axis parallel to the flow stream. The
shape of the nozzle and the wind velocity during the test had a
variable effect on the data in this column. Column 11 lists the
average drainage rates (first to fourth minute after obtaining
sample) in cubic centimeters per minute for each nozzle at the
various test pressures.
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d. Observations. Determinations based on the initial
performance tests of all the nozzles are listed in Table II. This
table consists of calculations based on field data (Table I) to de-
termine the relative performance of all nozzles tested. Columns 1
through 4 are identical to the corresponding columns in Table I.
Column 5 lists the theoretical rates of foam production in gallons
per minute at various pressures ranging from 100 to 500 psi inclu-
sive, in 100-1b increments. The actual foam production at these
pressures, as measured on the ground, is given in column 6. The
foam yleld percent, calculated as explained in Appendix TA,is shown
in column 7. The latter results are plotted in the form of graphs
in Figs. 14 to 18 inclusive, with the foam yield percent along the
ordinate axis and the nozzle pressure along the abscissa. Limita-
tions of the test apparatus made it impossible to obtain readings
at all pressures with large capacity nozzles. The expansion in
colum 8 denotes the factor by which the original volume of foam
solution was increased with each nozzle at each respective pressure.

The results in the graphs indicate that the highest
foam yleld was produced at pressures ranging from 200 to 350 psi,
depending on the nozzle under test. Generally, the yleld either
decreased or remained almost constant at pressures higher than 350
psi. Bach curve is labeled with the same number in column 1 of
Tables I and II and throughout this report to identify the nozzle
which 1t represents, and for quick reference to other tables. The
data for each nozzle have been plotted and are clearly shown on the
charts. The curve which fitted best through plotted data was drawn
a8 an indication of foam yield percent at the different pressures.
The water fog and fog foam tests are shown photographically in
Appendices ID and IE.

10. Fire Tests. The second phase of this 1nvestigation was
to conduct fire teats to validate the findings of the nozzle per-
formance tests. Fire tests were carried out at the Burning Field
in an area asdjacent to that used in the screening tests (Fig. 19).

a. Nozzles Selected. The seven foam and water-fog noz-
zles used on actual pool fires were selscted from the total of
twenty-nine tested on the basis of performance in the initial tests
conducted, deaign of the equipment, and its suiltability for crash
fire fighting. Nozzles 1, 4a, 4b, 13, and 19 were chosen because
the foem yield (Figs. 14 to 18 inclusive) in each case was 45 per-
cent or over, the total water rate of each nozzle was adequate for
fighting large-scale inflammable liquid fires. Even though the
water rates of nozzles 2 and 3 were comparable to those of the other
nozzles under tests, the foam yleld was low, that 1s, below 30 per-
cent (Figs. 15 and 18, respectively). These nozzles were chosen
for comparison and evaluation against those having the higher foam
yields.
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Fig. 19. In fire test area, pools were lald out so as to
peormit downwind approach to fire fram more than ons side.

b. Conditions. Twe adjacent 25- by 50-foot dDurning
(rig. 20) were oonstructed on a ocnorete slad dy setting up
beams and oovering them with sandy olay and gravel to make
posl water tight, These were partly filled with wvater in or-
obtain a perfectly level murfuce. The wind, temperature,
and humidity weres recorded. Dmring the fire tests the wind velo-

rEit

" oity Mad & mare oritical effeot than it 414 Awring the screening

testsy therefore, no tests were run under windy (over L4 mph) er
rainy oconditiens.

o. o Industrial naphtha totaling 375 galloms
was added to a posl ignited. 7Yoam was applied after a 5
seosunds prehinn and the dats were recorded in Table III. Ons ob-
server redarded all the d:ta. The posols were filled as shown in
Fige. 20 and 21. Clear unleaded gasoline, with xzerc cotane rating,
mmmamtrMmphm,mwthrwmm
: sts,

All nozzles wers nsed fram the tuwrret of the Class
155 orash fire truck, and locked in place with the nozzle exten-~
sien depressed approximmtely 10 degrees fram the horizamtal. (De-
pressing the nozrle ever 10 degrees at the higher pressures caused
ths fusl te splatier and burn over the edge of the pool as shown
in Fig. 22). The Class 155 orash fire truck was parked so that
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Table III. Fire Test Field Data
T 2 3 5 S [ M 8 9
Tat. Norrle
Nozzle Coatrol ¥st. ¢ Foax Wind Tistance
Nozzle Noztle Type Pressure Time Extin- Depth Vel, wini fr Posl
No. ..(Ei) (sac) guisament  (in.) (mph) Direction  (ft)
1 24+1inch external impinging 100 * » * » » *
Jot 200 Infinity ic . 2 3 ]
200 do 10 - o B g
TH00 T do 50 - 5 3 16
300 do 30 - - 3 10
400 do 5 - 3 3 15
430 do 10 - > 3 10
400 do 10 - 2 3 0
590 do 55 - 3 3 15
500 do 10 - 3 3 15
= 500 do 10 - ? 3 15
B ~inch internmal impingzing 100 Ho runs were conducted at this pressure.
Jot 200 9 7_]1 » LW 9 L
200 80 90 1;? I 9 g
202 105 90 1/2 i 3
3 7 90 /2 v 9 R4
300 95 90 1 L 9 8
299 53 __.._.9% 1 4 —_ 2
) 56 9 5% ] T
400 43 30 11/° L 9 8
402 50 90 1 4 3 __._.8 -
500 * * ¥ * * w
la 28-1noh internal impinging 10C * b ¥ v ¥ W
Jot with ecreea 200 30 30 3L 1 3 k]
200 30 90 1 » 6 8
200 100 90 1/ 1 3 3
320 5 90 1 [ 3
300 73 30 3/L 3 3 8
300 37 90 3/L L 3 3
LTo5) 5 G0 1 5 3 El
L0 54 9% 1 3 3 3
409 55 90 1/ b 3 8
500 55 90 1 € - a
500 55 90 11/2 4 3 8
503 69 30 1 s 3 a
1) 2%-inch internal impinging 100 * * + * * *
Jot with stream shaper 205 10° £k /0 ~ 6 0
200 170 99 1/2 ~ 6 20
200 50 S0 11/2 0 - 20
300 135 93 12 1 K3 0
302 53 90 11/ 1 9 3N
% 70 20 2 1 9 30
! 35 96 1 T [ T
o] 7C 90 1 1 12 40
409 55 2 1 1 _ 3 .8
500 5o 99 T T ;] <
500 45 90 . 1;2 1 9 43
509 10 90 1 3/u 0 - )X
T3 T Trich straignt stresa T s 3 T 2 (3] = T? -
aspirating foem nozzle 100 65 sc 1 3 3 15
wita fan-shapsd difusor 100 30 30 1 3 3 1=
200 76 2] 1177 3 I i5
200 50 96 1 3 3 15
209 50 3C 1 2 3 15
303 40 M > 3 - ?
300 35 9C 2 4 3 26
200 45 9 _ 1/ 2 3 %6
%00 %3 c H = 3 )
400 35 S 2 N 3 25
400 35 50 2 2 3 25 .
500 30 £ 2 ? 3 25
520 > 3¢ ? 2 3 25
200 _3c _50 2 o 3 i D
19 Z%-Inch fan-shaped sxternal 100 30 ES) 1 C - 1L
impinging vith d1ffusing 100 37 90 1 c - 14
oriftoss 100 65 o 11/2 2 3 - 1
200 35 30 1 > g 18
200 40 3 1 1}? 0 - bt
200 3C 20 11/ [ - 18
300 35 90 ? 0 - g
300 40 90 ? 0 - 18
200 30 50 2 2 9 13
L0O0 *» ¥ - £ N £

Note: With nozzle 2, 24-inch external impinging Jet with fan-shaped diffusor, msnsuraole exting:ishmsnt could not
bs obtained at any preasure, because the foam disintegrated faster than 1t vas produted.

»*

No runs were 3onducted at tnis pressure.

##  Presaures of over 300 psi could not be obtainsd with this nozzle.
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the nozzle was directed along the longer axis of the pool and 8 to
45 feet away from the near edge, depending upon the range of the
nozzle (Fig. 23). These tests were conducted at pressures ranging
from 200 to 500 psi inclusive, depending upon the pressure range of
the nozzle under consideration.

The orash fire truck had to maintain high mobility
during the actual fire tests so that it could be moved to safety in
case the fire raged out of control and endangered the safety of test
personnel and equipment. For this reason, the fire tests were con-
ducted with 1000 gallons of 6-percent premixed solution, the full
tank capacity of the crash truck, thus eliminating hose connections
from the water system of the test ares to the vehicle.

Within a few seconds after the industrial naphtha
had been poured, all fires were ilgnited by throwing a lighted torch
into the center of the. fuel pool. Each fire was allowed 5 seconds
preburn time before extinguishment was attempted, in order to com-
pensate for variatlions in ambient temperature, humidity, and sur-
face temperature of the fuel (Fig. 24). Observation of the foam
pattern formed on the burning surface by each nozzle at the various
pressures was not possible because the updraft currents, flames, and
smoke obstructed a clear view (Fig. 25). The control time for each
fire was recorded as the length of time in seconds from the initial
application of foam required to cover an estimated minimum of 90
percent of the burning surface of the pool with a foem blanket. It
was then possible to approach the pool with foam hand lines and ob-
tain complete extinguishment, if desired. This criterion was used
as a standard for all test fires. The thickness of the foam blanket
was noted from the depth gauges shown in Figs. 21 and 26. Total
extinguiskhment was not attempted in any of the tests. The remain-
ing flickers were allowed to disintegrate the foam blanket slowly,
and the fire was permitted to regain its original intensity (Fig.
27). This was considered as proof that the pool fire had not
burned itself out but had actually been brought under control by
the foam. In addition, it waes an expeditious way to clear the pool
of foam and naphtha for successive tests.

d. Results. The following data were collected from
approximately seventy separate pool fires, each involving 375 gal-
lons of industrial naphtha.

(1) Bstimate of percent extinguishment.
(2) Control tims.

(3) Foam blanket, thickness, and percent coverage.




35

-quewdjnbe TWHOTATPDS INOYITA 6IFF Usnsuiixe of

eTqresodmy 37 Suppew ‘Tood JO S3TWIT puokeq pexe3yerds Teng OTQWUETIUT ‘exey
POJBIAENTTT SY °*OITF Jo £37suejuy Surevesouy puw eouernqany Suisnwo ‘pINbIT
Sujuang Jeq3eTds pus 37p 03 Aouepuel pwy geamegexd IeYBIY 38 ‘TBIUCZTJIOY WOXF

geexdep QT Usy3 oIow ‘37d 03U} PIRMUMOP Wees]s Weoj So3 Bupyoeaiqd ‘22 "I
GOL-¢-18T




36

184-3-697
Filg. 23. Typical test run. Turret operator maintained con-
stant pressure at nozzle throughout tests by control of pump
epeed. Driver kept motor rumning so that truck could immed-
iately be moved to predetermined safety zone in case equip-
ment and test personnel became enveloped by flames during
sudden wind changes. Fire fighter in foreground is test
crew chief and is in position to observe overall conduct
and safety of each test. He timed each run and estimated
extinguishment time.
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184-3-699
Fig. 24k. ILarge-scale pool fire approximately 8 seconds
after ignition of 375 gallons of industrial naphtha in shal-
low pit 25 by 50 feet. Combustible liquid is burning at
height of itas intensity. Fog foam fails to show any results
at this point because of its short period of application.




38

The following information explains items in Table
IITI. Colwms 1, 2 and 5 are the same as in the previous tables.
The control time in seconds is listed in column 4. Percent ex-
tinguisment shown 1ln column 5 refers to the estimated area of the
burning pool where the foam blanket has extinguished the flames.
In column 6, the depth of the foam blanket is given to the nearest

~inch reading on the depth gages shown in Figs. 21 and

26. The wind velocity in mph is listed in column 7. The direction
of the wind, column 8 is tabulated in accordance with the clock
dial system starting at 12 o'clock with the wind blowing directly
into the nozzle againat the expelled foam stream. In column 9, the
distance from the tip of the nozzle to the near edge of the pit
varied from 8 to 45 feet, to compensate for the variable rangs of
the nozzles at the pressures indicated. Pressures for which no en-
triea have been recorded in columm 3, unless otherwise stated, were
beyond the capacity of the equipment as set up for this phase of
testing. Actual fire tests are shown in Appendix IF.

e. Observations. The average control time far each run
is listed in Table IV. Pressures for which no entries were made
indicate limitations of the test apparatus. The results indicate
that any increase in pressure has a tendency to reduce the control
time. Data presented in Table IV are plotted in Fig. 28. Rach
curve in this figure is clearly labeled to identify the nozzle
which it represents in addition to being mumbered for quick refer-
ence to Tables I, II, III, and IV. Fig. 22 illustrates a typical
test in which control falled. More than TO percent of the total
surface area was enveloped in flames, radiating too mich heat for
proper application of fosm with hand lines.

11. Report Film "Fog Foam Studies.” A 16-mm color motion pic-
ture with narration, Report Film 1401, "Fog Foam Studies,” was made
indicating teet procedures. This film may be obtained by written re-
quest to the Bureau of Aercnautics, Department of the Navy, Washing-
ton 25, D. C.

III. DISCUSSION

12. Nozzle Performance Tests. These tests were designed to ob-
tain performance characteristics of various commercial and experi~
mental nozzle arrangements prior to the actual fire tests. Varia-
bles in the test arrangements and condlitions affected the final re-
sults to the point where individual items of the experimental data
are not reliable; however, a study of the results as a whole indi-
cates definite trends that must be considered.

Although the method used to determine the delivery rates
of the premixed solution (measuring the depth of the liquid in the
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184-3-701
Fig. 25. Looking into burning pit from across ground along
side Class 155 crash fire truck during test, 15 seconds
after initial application of fog foam at approximately 300
pel nozzle pressure. Foam, falling on ground between truck
and burning pool, 1s a total loss. Note difficulty of de-
termining pattern in initial stages of test, because up-

draft currents, emoke, and flames obscured action area from
view.
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184-3-700
¥ig. 27. Remaining flickers which could easily have been
controlled with foam hand lines were allowed to burn. These
slovly disintegrated foam blanket, resulting in fire of
original magnitude. This 18 condition of pool fire after it
has gained full force in approximately 55 seconds and after
it has bdeen successfully drought under control with foam.

S |
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Table IV, Average Control Time of
Pool Fires at Various Pressures
Control Time (86C)
Nozzle Nozzle Type Nozzle Pressure (psi)
No. . 100 200 300 LOO 500
1 2%-1nch external impinging No extingulshment
Jet
2 2%-inch external lmpinging No extingulishment
Jet with fan-shaped diffusor
3 24-inch internal impinging - 88 76 50 =
Jet
24-inch internal impingling - 87 7 65 60
Jet with screen
kb  2i-inch internal impinging - 93 88 70 52
Jet with stream shaper
13 24-inch stralght stream as- T3 57 b7 38 31

pirating foem nozzle with
fan-shaped diffusor

19 24-inch fan-shaped external 63 35 35 - -
impinging with diffusing
orifices

tank befare and after a test) was not very accurate at low flow
rates, 1t was the most expedient and, In fact, the only method avail-
able at the time the tests were conducted. In order to insure a 6-
percent foam concentration, a premixed solution must be used, as the
low-range foam proportioner does not perform accurately below 60

grm. On the other hand, the use of a premixed solution for nozzles
with delivery rates above 60 gpm wes impractical; therefore, foam
mroportioning equipment preset at a 6-percent rate was used,

The varlations listed in columm 9 of Table I were partly
caused by experimental error, slip in the rotors of the proportioner,
leakage of the vacuum in the suction line, or some combination of
these factors, '

The effect of pressure on the foam yield, observed in the
studles of the screening tests, was of paramount importance. The
foam yleld is at a maximum between 200 and 300 psi for any nozzle.
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The pressure producing the maximm yleld varlies with the individual
nozzle, as does the rate of decrease after the maximum has been
reached, Although the foam yleld decreases above the range between
200- to 300-psi nozzle pressure, in most instances the total amount
of foam produced per unit time continues to increase up to 500 psi,
This is corroborated in column 6 of Table II, During the tests, 1t
wag observed that the ligquid flow through the nozzle occasionally
did not increase as the pressure increased. Upon investigation, 1t
was found that sand and small particles of gravel present in the
water had partlally clogged the orifices and screens, The varia-
tlons in Table II resulted from the clogging of the nozzles, from
the experimental error of measuring flows, from lnaccurate msasure-
ment of the foam blanket, and from the expansion determination used
to calculate thearetical volumes of foam produced,

Data presented in Table II and in the sample data sheets
(Appendix IC) indicate variations in the foam expansion which do not
carrelate with run conditions. These variatlions are, in part, a
result of small delays by the test personnel in obtaining samples.
For example, 1f the pattern depthwere small, 30 seconds might have
been consumed in obtaining the sample; this time allowed for some
drainage of the foam, thereby ralsing the apparent foam expansion.
To some extent, this contributed to the higher expansions recorded
for low-pressure (smell pattern volume) runs, Normally, the expan-
sion appeared to vary by 10 to 15 percent within an individual foam
pattern, For most of the nozzle arrangements tested, the hlghest
foam expansion apnd, hence, the lowest foam yield, was generally ob-
talned at low dlscharge pressures, This occurred because the foam
yileld 1s, in part, based on a theoretical foam volume caluclated
from the consumption of foam solution and from the expansion factor,
That is, higher expanslon factors give higher theoretical foam
volumes which, in twrn, indicate lower foam ylelds, However, it
was noted that the foem yleld lncreased with the water pressure,
but decreased as the highest test pressures were approached,

Variations in the dralnage rates, ranging from 10 to 20
cc per minute, indicate that the test procedure for obtaining these
rates is more vulnerable to experimental error than is the expan-
sion factor destermination. As has been stated, delays in obtalning
samples, or in collecting the drooled foam solution from the ground
surface, account for the greater part of the variations of data,

The direction of the wind and its velocity must be consld-
ered also, Wind has a spreading effect on the fog foam discharge
because the small mass of the finely divided particles ig easlly
dsflected in comparison to a solid stream, This fact is verified
by the results of the tests, The width of ths pattern (the dimen-
sion taken horizontally and at right angles to the stream), in gen-
eral, remained almost the same at all pressures, whereas the length
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of the pattern (the dimension of the pattexrn along the axis of the
stream flow) lncreased slowly as the pressure increased, In colum:
10 of Table I, the largest pattern area 1s occasionally indlcated
at the lower pressures, because of sudden changes 1n wind direction,

The solid stream asplrating foam nozzle gives the highest
foam ylelds, In generai, those nozzles which produce theo best water
fog were observed to produce very low foam ylelds,

3. Fire Tests, The flre tests, employlng pool fires Involv-
Ing 375 gaions of Industrlal naphtha, were chosen as belng repre-
gentatlve of the neat condltlons encountered 1n crash fire fighting,
The success In extingulshing liguid fuel fires depends on the rapid-
Ity with which the foam blanket s applled over the entire bhurming
surface in order no exclude alr and radiant heat, thus preventing
further evaporation and combustlion of the flammable llquld ir the
Jjmmediate danger area,

On a fire of the slze Just described, it 1s not feasible
to gset the rozzle horizontally +to the ground and to expel the foam
sc that it falls downward on to the burring area, When this was
done during the tests, it was found that the smeller particles of
foam were dlsslpated and the larger onss were carriled from 50 to
250 feet from the burrdng surface, so that the small remaining
amount of foam rsaching it was quickly disintegrated by the heat.,
Therefare, 1t was recessary to lower the nozzle approximately 10
degrees, thus Increasing the downward velocity of the foam so that
It penetrated the updraft currents and created an extlnguishing
bianket over the poov:., lLowerlng the nozzle further, however,
tended to create turbulence and to splatter the fuel about the
bwrnlng area, as has teen Indlcated in Flg, 22,

In view of the fact that fog nozzles have limlted reach,
it was necessary ti: flght each fire at close range, Since the
vertical pattern of the fog nozzie was larger In area than that of
a golld gtream, 1t was affected more by ary shift in the directiorn
of the wind, Sigriflcant changes 1n the wind direction and velo-
city dlsplace the foam pattern by throwlng the foam outside the
pool boundaries and make it Ilmpossible to control the fire, On
several occaslons while a test was In progress, the wind shifted
direction 180 degrees, Under these conditions it was impossible to
obtaln contirol, and no data were recorded.,

Fig, 28 indicates that with increases in pressure up to
500 psd the extinguishment time decreases, Thls behavior is ex-
plained by the fact tuat even though the foam yleld ls lower at the
higher pressures, the total amount of foam produced 1s increased
and the appllcation rate 1s greater than the destruction rate,
Therefore, an effectlve foam blanket is more quickly applied.
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Nozzles 1 and 2, which exhiblted the lowest foam ylelds
in the screenlng tests, falled to extingulsh the pool fires because
the resultant rate of actual foam applicatlion was less than the
critical rate required for extinction. This fact, confirmed in
Table V and in Fig. 29, demonstrates the importance of foam yield
in nozzle performance.

1%, Gemeral Factors Consldered in Nozzle Evaluation, The
factars inflnencing the experimental data and the effect of nozzle
discharge pressure on the foam yield have already been discussed,
In the followlng subparagraphs are conslidered the factors found
during the tests to have a critical effect on nozzle performance,

a, Foam Yield, A low foam yleld indicates that a high
percentage of the foam solution discharged from the nozzle will, 1if
i1t reaches the burnlng surface, drop through the liquid fuel, and
have no further effect in extingulshment., However, these solution
particles not in the alr dlspersion will be of benefit in cooling
the flame zone as does water fog, thus providing protection to fire
fighting persomnel, without contributing significantly to final ex~
tinguishment. The information presented in Table V, derived from
the test data in Tables I through IV, indlcates that for two nozzles
of nearly equivalent water consumption rates, the nozzle 1, dlsplay-
ing a lower yleld failled to extingulssh the test flre, because its
foam rate in gallons per minute per square foot of burning area was
less than the critical rate required for extinguishment (Fig. 29).

As indicated in Table V, foam produclng appllances
should display a minimum foam yleld of 50 percent.

b, Quality of Foam, The effect of the quality of foam
1s seen in part by close examination of Figs, 29 and 30, The abscls-
sas of the polnts in Fig. 29 differ from those 1n Fig, 30 by the ex-
pension factor of the foam (column 9, Table V). The plotted experi-
mental data in Fig. 30 is grouped closer to the apparent function
than in Fig, 29, This indicates that the critical quality of the
foam in the expansion range of 6 to 9 may be best taken as the wa-
ter content; that is, the heat dissipation ability of the foam is
directly proportionnl to the water content of the foam pexr unit
volumse,

Since the expansion range did not vary appreciably
from nozzle to nozzle, the effect of the foam expansion was not of
immediate concern in thils study. The stabllity (drainage rates)
did not vary apmreciably with the nozzle type of pressure in the
items tested, so that the effect of this fcam quality cannot be de-
rived in thix study. The expansion range and drainage rates as
recorded in thls study must be accepted as fixed 1n order to eval-
uate such variables as water content of foam applied per unit area,
extinguishment time, and pattern characteristics,
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C. Rate of Agglication. Fig,. 29 and 30 also indicate
that extinguishment time is approximately inversely proportional to
the specific application rate, As previously stated (par. 1hb), the
water content of the foam was selected as the criterion of its
quality. Close examination of Fig, 29 indicates that .4 gmm per
square foot of burning surface 1s the critical rate of foam appli-
cation required to obtaln extinguishment, Control was assured when
the rate was Increased to .5 gpm per square foot and this figure
includes only a very smsll factor of safety necessary for adverse
conditions, It may, therefore, be stated that .5 gpm per square
foot constitute the minimum application rate for proper control.
This value may be used to estimate flow rates required for individ-
ual appliances for crash fire fighting,

The more efficlent the nozzle is as a foam producer,
the less water 1t uses, From this, and from an observation of Fig.
30, 1t appears that the critical water rate is .06 gpm per square
foot of burning area, and that a minimum rate of ,08 gpm per square
foot 1s desirable, The function presented in Fig, 30 should be of
value 1n ascertaining equipment needs for crash fire fighting

apparatus,

Fig, 30 also reveals that extingulishment time is a
function of the product of foam yleld and rate of water flow to the
fog foam nozzle,

d. Quantity of Foam., The net foam application rate
based on water content {gpm per square foot) was compared with the
quantity of foam required to extinguish the fire (also based on
water content in gallons per square foot)., While the experimental
data showed no apparent correlation, the data calculated from the
curve of Fig, 30 showed that less foam was necessary for extinguish-
ment at high application rates. An increased rate of application
will reduce the time required to extingulsh the fire more than 1t
will reduce the total amount of foam needed,

15, Summary of Test Findings. A number of significant find-
ings were derlved as a result of the tests, each of which bears on
the effectiveness of the nozzles tested and the quality of the foam
produced.,

a, The foam yield percent is generally highest 1n the
nozzle pressure range between 200 and 300 psi,

b. The total output of foam from the varlious nozzles
increases with pressure,

c. For a given nozzle, the width (minor axis) of the
foam pettern Increases only slightly with an increase 1n discharge
pressure, whereas the length (major axis) increases appreciably.
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d. The specific application rate of foam was critical
from the standpoint of fire extingulshment, A critical rate, based
on the water content of the actual foam produced, was ,06 grm of
water per square foot of burning area,

e. The extingulshment time in seconds proved to be
essentially inversely proportlional to the foam application rate in
gallons per mimunte per square foot of critical rate (par, 4).

f. The quantity of foam per unit area required for ex-
tingulshment tends to decrease as the application rate 1ncreases,

16, Optimum Nozzle Design, Three major categories of nozzles
wore tested.: oam, water fog, and fog foam, As Indicated by the
results of these studles, standard foam nozzles produced the highest
foam ylelds because each was designed to entraln air into the foam
solution before it was dlscharged into the alr, Thls resulted in
more of the foam solution belng converted into the active extingulsh-
ing agent foam, However, no standard foam nozzle could be adopted
satisfactorily for use as a straight stream nozzle or as a water fog
nozzle,

The water fog nozzles (par, T7) were deslgned to produce &
fine wvater mist at pressures of 100 psi and above. Alr 1ls not en-
tralned Into the water stream, which is necessary if a high foam
yleld is to be expected, The overall performance of these nozzles
in producing fog foam was unsatlsfactory; their effectiveness
varied wldely from nozzle to nozzle, the best water fog nozzles
generally producing the poorest fog foam,

Only one nozzle in the group tested was designed as a
combination water fog and fog foam nozzle, which was designed as a
combination of the two categorles Just discussed. The entralnment
of air was effected by 8 screen attachment with four slots at the
bage, This nozzle produced the highest foam ylelds at the optimum
rressures of 200 to 300 psi,confirming the theory that entralnment
of alr is necessary to produce high foam ylelds with fog foam noz-
zles,

17. Standards of Nozzle Performance, One of the speclfic ob-
Jectives of thls investigation was to develop standards of perform-
ance for fog foam nozzles so that they could be evaluated gqulickly
and without the necesglty of employlng expensive fire tests. While
the absolute values derlved on the basis of the tests conducted are
adml ttedly somewhat arbltrary, it was found that nozzles having the
following characteristics afforded sufflicient protection for person-
nel and equipment to attack ard extinguish the types of fires con-
ducted In this investigation, A diagram illustrating these
characteristics 1s shown in Fig, 31.
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a, Turret-mounted Nozzles, Standards of performance
for turret-mounfed Tog foem nozzles are:

(1) Angle of dispersion of the fog foam pattern
should be not less than 30 nor more than 4O degrees.

(2) Maximm working nozzle pressure should range
between 200 and 300 psi,

(3) Wnhen the nozzle produces fog foam at rated
rressure and water dslivery, and 1s located parallel to, and
12 feet above, ground level in still alr, 80 percent of the
foam should fall at a dlstance greater than 12 feet, measured
from a point on the ground determined by a vertical line from
the tip of the nozzle to the ground,

(k) Pattern size under the conditions stated in (3),
should be between the following limits:

(a) Minor axis not less than 14 feet,
(b) Major axis not less than 30 feet,

For lower delivery rates, the major axls should be fore-
shortened in proportion to the reduction in the delivery rate,

(5) Foam yleld should be 50 percent or over,
(6) Average expansion factor should not exceed 9.
(7) Drainage rate should be less than 18 cc per
minute during the period from the first to fourth minute after
the sample 1s obtalned,
b. Hand and Bumper-mounted Nozzles, Standards for hand

and bumper-mounted nozzles are identical with those in subpar. a
(subpar, a(3) and a(X4) do not apply) with the following limitations:

(1) Water delivery rate should range between 25 and
30 gpm.

(2) The maximupm working nozzle pressure should not
exceed 250 psi for hand lines (one fire fighter) and 300 psi
for bumper-mounted nozzles,

18. Proposed Test Procedure. In order to ascertain the con-
formence of & nozzle to the standards established, several screening
test procedures were consldered mrior to the adoption of that set up
in par., 9b, The latter test proved to be a satisfactory means of
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determining the pattern, foam ylelds, and general hydraulic
characteristics of the nozzles, as was demonstrated by the excel-
lent correlation of the screening test and fire test results, Test-
ing the nozzles in accordance with the screening tests (par. 9)
facilitates and expedites the nozzle evaluation by the elimination
of costly fire tests.

19, Considerations for Future Investigation, During the
course of this investigation, a generated-foam system (in which the
foam liquid, water, and air are mixed in predetermined proportions)
was evaluated under another project on a T00-gallon pool fire in a
square plt measuring 50 by 50 feet, The system employed a Hale foam
generator with a rated capacity of 2000 gpm of foam at a predetermined
l:1 expansion, Both the quality of foam and the control time required
appeared to be somewhat more favorable than that obtalned using fog
foam nozzles, With the generated foam system mentioned, a smooth-base
1 3/k-inch nozzle was used at a distance of approximately 120 feet
from the edge of the burning pit. The foam stream was played appraxi-
mtely on the center of the pool to bulld up a fast spreading blanket.
By thismethod, the flre could be controlled from a greater distance,
affording increased protection to personnel and equipment. Studles to
compare the merits of a generated foam system, using a predetermined
blowup, with those of fog foam application, warrants further investiga-
tion.

Since the tests have indlcated that the rate of foam
application 1s a majJor factor 1n time of extingulishment, the use of
higher dellvery rates at nozzle pressures ranging from 200 to 300
psl should be lnvestigated., It is possible that more efficient
equipment would result from such a study.

IV. CONCIISIONS
20, Conclusions. It is concluded that:

a, The fire extingulshing effectiveness of fog foam
nozzles is indicated by the followlng standards:

(1) Foam yleld percent.
(2) Rate of application,

’
(3) Water content of foam (6 to 9 expansion) output
in gnllons per minute,

b. The test procedure set forth In the screening tests
(par. 18) is a satisfactory means of evaluating the fire fighting
effectiveneas of fog foam nozzles,
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- c. On the basis of the foam used and the nozzles em-
ployed, the most effective nozzle pressure was between 200 and 300
psi.

d. The aspirating type nozzles produced higher foam
Jields than the non-aspirating type.

V. FKRECOMMENDATION

21. Recommendation. It is recommended that the standards of
verformance and the test procedures presented in this report in
pars. 17 and 18, respectively, be adopted by the Department of
Ratlonal Defense for use in the design of fog foam nozzles and in
their evaluation for fire fighting.

Submitted by:

)
R. C. NAVARIN
. Project Enginser
Fire Apparatus Section

Forwarded by:

L redes”

K. L. TREIBER
Chief, Petroleum Distribution Branch

Approved 2 April 1950 by:

Je s Lt Col., CE
Chief, Civil Military Engineering
Department
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LIST OF CALCULATIORS

Calculations used in the fog foam study:

(1) Water used per run:
gallons water = (gmm rotomster reading)x(test time)

(2) Foam liquor used per run:
gallons foam liguor = (inches of drum level change)x
(drum factor)

(3) Foam expansion:
Expansion = 1400 cc's resultant solution, in standard
pan (cc's)., See Part (1), Appendix D,

(%) Theoretical foam volums produced per run:
gallors foam volums = (gallons water 4+ gallons foam
1liquid)x(average expansion)

(5) Actual foam volume produced per run:
llons foam volume » (area of foam pattern, sq ft)x
ave, depth of foam in palls, ft)x(7.48)

The area of the foam pattern was obtalned by mechanical-
ly integrating tie patterm area as recorded on the data
sheet, It can be seen that the "end effect" of the pat-
tern 1s lgnored by this method of calculating foam
volume; however, the error is well withirn the general
precision of the determination, i.e., the precision of
recorded pattern area,

(6) Foam yleld per run:

actual volume foam i.e., j%l
foam yleld » Tyooretical volume foam %)

(7) Foam drainage rate:
cc's drained from 1400 cc pan, lst to
drainage rate = end of Wtk minute
3 (minutes)

In standard pan, see Part (2), Appendix D, Charts for procedures
(2) and (3) were prepared for use by test persomnel in performing
the calculations during the test. Procedures (4), (5), (6), and
(7) were not calculated at the time of the test.
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FQAM TEST PROCEDURE




FOAM TEST PROCEDURE

Foam test procedures follow:

(1) Expension Ratlio Determination, The 2- by 7 3/8-inch
diameter pan as described in Report of Foam Standardization Methods,
by the Naval Research Iaboratory, 1s used In this determlnatlion,

The volume of this pan is essentlally 1%00 cc's,

A remresentative foam sample 1s taken from the foam
blanket in the pan as described In the report, and the excess foam
is scraped from the top of the pan, One half cublc centimster of
octyl alcohol is added, and the contents are carefully stirred un-
t1l the liquld-alr dispersion is broken down, The pinch clamp on
the draln spout ls then removed and the solution 1s drained into a
cylinder graduated in cublc centimeters. The volume of liquid is
read, and the expansion 1s glven by:

E m o L400
sc'e liquid

The test set up is shown in Fig, 13,
(2) Drainage Rate Determination, The apparatus as described

above wlith the additlon of a stop watch is used in thls determina-
tion,

A sample 1s obtained as in the procedure, previously men-
tloned, and at the Instant of obtalning the sample, the stop watch
is started, The pan is placed on the drainage rack with a 6,5 per-
cent sloping top as soon as possible and the drain 1s operned, per-
mitting the separated solutiorn to be collected in a graduated cylin-
der, Readings of the cuble centimeters of liquld coliscted are made
each 15 secondlg untll 4 minutes have elapsed. At the end of the 4
minutes lapsed time, the remalning dispersion 1s broken down by a
few drops of octyl alcohol. The regultant solution is drained into
that collected in the first 4 minutes, so that the total volums of
the solution is read, and the expamnsion of the original sample 1is
determined by the formula presented in (1).

In these tests after 4 minutes had elapsed, 1t was noted
that the dralnage rate decreased, and the time required for one
quarter drainage (index as proposed in Report on Foam Standardiza-
tion Methods) occurrod within this s.minute period, In most in-
stances, the first reading was at 45 seconds or one minute lapsed
time, so that the dralnage rate is taken as the cublc centimeters
collected from the lst minute to the end of the 4tk minute lapsed
time dlvided by 3. In this study the dralnage rate is used as a
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criterion of foam stability, If it is desired to estimate the time
for one quarter drainage, as used by the NRL, the following formumla
may be used:

T = 1400
e  IRE
Tq = time for quarter drainage
R = drainage rate as descrlbed here
E = foam expansion as described here

The deviations from the baslc procedure as outlined by
the NRL were made in order to adapt the tests to fleld determination
which can be accomplished readily by other than technical personnel,
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APPENDIX IC

SAMPLE DATA SET

Evaluation of 23-inch, internal impinging jet
with screen from 100- to 500-psi nozzle pressure
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FOG FOAM STUDTES DATA SVYERT
Project No. 8-7€-01-001 (9) Procedure:
Date__ 21 JUNE 1949 Run No. 16 Premix
Funidity ___ 76% Nozzle 2¥2" INTERNAL IMPINGING Metered flow v/
Temp. during test 85 JET WIiTH SCREEN Pressure:
Weather SUNNY, CLEAR _ a. Proportioner 90 psi
Test area 60' x 100' b, Nozzles 100 psi
Stakes 10' apart c. Proportioner used i20

Rotometer LOW RANGE

G F E D c B A Water flow 150
* * * * * * * 10 Time of run min 30 8ec
Tot. water used 75 gal

Tot. liquid used 2.15 gal
%Foam solution 6

* * * * * * * 9 207
Blowup at pointe below:
a, 10.30
».~ _1.85 -
* * * * * % * 8 c.” Q.20
d. K]
Ave. 8.9
Stability - Min/25% drain
* * * * »* * * 7 a.
b.
— c.
// \\ d.
* * | * \\ * * » * 6 Ave.
| 25¢ ‘ % Solution
| a.
{ b
* * I ox \ * * * * 5 .
| 254 ' roam BLANKET Arc'
/ < @ t:3-85" a8
I N Pattern___380 Ft:
» * = * a\ * * * Blanket, 955 Ft
\ 25 25 Ave. Fuam Depth
\ \ Pattern 068 Ft.
AN \ Blanket 025 FE,
* * “ * v o« » * 3 Tot. Foam
| 25 — Vol. Pattern VP 26 FtJ
| Vol. Blanket VB 24 Ft
| % V.E. = 89 Fed
* * * *5 * * 2 VE = tot. vol. water plus
| 9 foam liquor timss ave.
% blowup
Foa TTE
o) | o P BEf, « VP x 26 = 29.24
* * * 40 *0’30“ *a * * ] VE 89
.50 < Koy
* - Stake
X - Bucket (50 x 3'55")
* d * 35 * * * 0 50cc's drainage - X bucket
Noxi¥le -~ 3'55" time after end of
APP foam application
ROX.
15-0" Wind Direction
Data Sheet Recorder _ J- ALLEN ] Velocity 5.5 mph
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FOAM ANALYSIS Project: 8-76-01-001 (9)
By: C. Korzendorfer Run No,: 16
Date: 25 June 1949
Drainage Blow up
Location:
L.p » 2D 6-E  5-E
Time Tine

CC's Time CC's (sec) CC's (sec)

10 45 22 45

14 60 30 60

17 75 34 75

20 90 38 90

eh 105 43 105

30 120 48 120

34 135 55 135

39 150 61 150

1) 165 65 165

L5 180 68 180

45 195 T2 195

51 210 15 210

S 235 70 235

56 240 81 240

Total 136 Total 178 Total 152 174
Exp. 10.30  Exp. 7.85 Exp. 9.20  9.05

Dralnage Rate

14,0

Drainage Rate
16,7




TIME IN SECONDS

240

180

120

60

69

‘\‘

1(

| T~

{o)

20 30 40 50 60 70
VOLUME IN CGC'S

Fig. 32. Foam drainage, run No. 16.
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90
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Project ¥o. 8-76-01-001 (9)
Date 21 JUNR 1949
Humidity 765

Temp. during tost oF
Weather SUNNY, CLEAR

Test area 60' X 100°
Stakes 10' apart

G ¥ E
* » *
* * *
* » »
* - )
* * *
» »

-]

FOG FOAM STUDIES DATA SHEET

Run No,

Nozzle 2 V2 INTERNAL IMPINGING

17

JET WITH SCREEN

. » o/
* * L 4
* * l'\
* * *
* *

Data Sheet Recorder _ J.

C B
» *
» *
* *
» »
* »
7N
} »
\ FOAM BLANKET
l ~@ t*3-5"
™ *
Voo
' o
] I
\ = 5 »
! IFOAM§ PATTERN
! y
s < =
4
-+ *
* *
Allen

10

Procedure:
Premix
Metered flov_ v
Pressgure:
a, Proportioner 90 psl
b. Nouleeioo___pai

¢. Proportioner usedg3o
Rotometer HIGH RANGE
Water flow 196
Time of runOmin 30 __8ecC
Tot, water used Q8 | gal
Tot. liquid ueed 7.8 gal
4Foam solution 7.9
Blowup at pointe below:

a, 5.30

b. 610

¢, _5.10

4. 6.20

Ave.5.8
Stability - Min/25% drain

a,

b.

c.

q.

Ave,

% Solution
a.
.
c,

Area
Pattern 405 Ft
Blanket 645
Ave, Foam Depth
Pattern .13 FL
Blanket .OS9FC,
Tot. Foanm
Yol. Pattern VP _46.0 Ft2
Vol. Blanket VB 39.0 FtJ
V.E. = 13,5 FtO

VE = tot. vol. water plus
foam liquor times ave.

blowup
Bt s Y. 46 = 6204
VE 135
Key
# - Stake

X - Buckst (50 x 3'55")
50cc's drainage - X bucket
- 3'55" time after end of
foam application

Wind Direction

Velocity 1.0

mph
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FQAM ANALYSIS Project: 8-76-01-001 (9)
By: C, Korzendorfer Run Ro.: 17
Date:; 21 June 1949
Drainage Blow up
Locatlon:
3-D 4D 3-D 2D
Time ' T™me
CC's Time CC's (sec) cC's (sec)
50 45 , 22 45
— 29 | 60 24 60
66 I 26 75
T4 90 30 90
83 105 o 3k 105 .
ol 120 39 120
10L 135 45 135
108 150 A 150
on . 165 i 165
118 180 62 180
123 195 68 195
127 210 73 210
130 225 78 225
132 240 A 82 2o
Total 265 Total 232 Total 249 230
Exp. 5.30 Ezp. 6,10 Exp. 5.60 6,20
Dralnage Rate Drainage Rate

2k .3 19.3




240 ]

180 // /

120

3d

4-d

20 30 40 50 60 70 80 90 100 o 120
VOLUME IN CC'S
Fig. 33. Foam drainage, run No. 17.




Project No, 8-76-01-001 (9)
Date__22 JUNE 1949
Humidity 78%

Temp. during test 87°F
Weather SUNNY, CLEAR
Test area 00! x 100’
Stakes 10' apart

FOG FOAM STUDTES DATA SVWEET

Run No. 18
Nozzle 22" INTERNAL IMPINGING
JET WiTH SCREEN

G F E D [of B A
* * * * * * * 10
* ¥* * * * * * 9
* * * * * * * 8
* * * e * * * 7
AT N
s ~
Ve N
/ I\ FOAM BLANKET
I 2. '-‘ou
¥ * .80 s6b I’* @ x1:4110" x ¢
! 7
* * | * @q' | » * * 5
\ 25 .56 {
\ \
\ 1
* x » “5@|.5,_ FOAM |PATTERN N
as
\ \
\ | 510
N L0 ER
* * * | 120X rsst|f « LDy * 3
50¢ <®
* * * * * *® 2
* * * * * * * 1
L APPROX
15'-0"
* * * -; * * * 0
Rozzle
Data Sheet Recorder J.ALLEN

73
Frocedurs:
Premix
Metered flow v’
Pressure:
a. Proportioner 85  pst
b. Nozzles 300 pei

c. Proportioner used250
Rotometer HIGH RANGE

Water flow 200
Time of runomin 30 sec
Tot. water used 100 gal

Tot. liquid used 7 a8l
4Foam solution 7
Blowup at pointe below:

a._5.10

b. _S§.40

c._4.75

d. _7.15

Ave. 5.6
Stebility - Min/25% drain

a,

b.

c.

d.

Ave.

4 Solution
8.
b.
c.

Aresa
Pattern 485
Blanket 910
Ave. Foam Depth
Pattern .OB833 Ft,
Blanket .0405F¢t,
Tot. Foam
Vol. Pattern VP 40 Ft)
Vol. Blanket VB 37  FtJ
V.E. = 76  Ftd

VE = tot. vol. water plue
foam ligquor times ave.

Ft
Ft

blowup
Eff. = VP = 40 2 5324
VE 76
Koy
* - Stake

X - Bucket (50 x 3'55")
50cc's drainage - X bucket
-~ 3'55" time after end of
foam application

Wind Direction

Velocity 3.0 mph
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FOAM ANALYSIS Project: 8-76-01-00L (9)
By: C. Korzendorfer Run No.: 18
Date: 22 June 1949
Drainage Blow Up
Location:
5D 6D 3-D 2D
Time Time
CC's Time CC's (sec) CC's (sec)
30 45 50 45
35 60 60 60
39 12 66 )
k2 90 71 90
b7 105 12 105
_52 120 80 120
58 135 85 135
64 150 90_ 150
) 165 96 165
%8 180 10k 180
3 195 1098 195
88 210 112 210-
96 225 110 — 295
104 240 122 240
Total 270 Total 256 Total 280 195
Exp. 5,10  Exp. 5.40 Exp. L. 75 5.15
Dralnage Rate Dralinage Rate

23.0 20.7 k75 7,15




TIME IN SECONDS

75

180 / /=
/ L/
IARW{
120 / */
4
60 /‘
# 6-id
5-d
30 40 S0 60 70 80 90 100 110 120 130
VOLUME IN CC'S
Fig. 3%, Foam drainage, run No. 18.
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FOG FOAM STUDIES DATA SKEET
Project No., 8-76-01-001 (9) Procedure:
Date 22 JUNE | Run No. 19 Premix
Bumidity

Temp. during test
Weather SUNNY & CL

Nozzle INTERNAL IMPINGING Metered flow V
ET W SC Pressure:

a. Proportioner_§0 pei

Test area ©0' x 100' b. Nozzlea_400 psi

Stakes 10' apart ¢. Proportionsr used 250
Rotometer_HIGH RANGE

G F E D ¢ B A Water flov__ 220 gra

* * * * * * * 10 Time of run min 8ec
Tot, water used _3&" 2 @l

Tot. liquid used 1
4Foam solution

* * » * . * * * 9
' Blowup at points below:
a._ S.0%
b. S
* » * - * * « 8 c.__ 7.
// 25~ 4. 6.3%
\\ Ave. 6.2
/ \ StabilTRy - Min/25% drain
» » */ » * AM * 7 a
h R.] T b'
| —7 c.
{ I d.
* » *' 3 I * » 6 Ave.
l : \ % Solution
| | a.
* * « 4§ | » * 5 b,
\ = ,FOAM PATTERN c-
Aroa 2
O, | Pattern___ 730 Ft
. . <l 20%ro %/ s - w4 Blanket 1150 Ft2
i . * Ave. Foam Depth
® / ° Pattern .06SFT
d © Blanket -O4AS
* » *l’ mg"‘o. A i * * 3 Tot. Foam
. y % Vol. Pattern VP_47 FtJ
g Vol. Blanket VB_50__ Ft>
& V.E. » 9l T3
o —_—

* * * » Cl o * D2 VE = tot, vol. water plus
foam liquor times ave.
blowup

Eff, s VP = 47 = 5.6
* » * » * * 1 E OO e s
Key
* - Steke
X - Bucket (50 x 3'55")
* * * *‘* * * * 0 50cc's drainage ~ X bucket
Nozzl - 3'55" time after end of
—oLEte foam application
Wind Direction
Data Sheet Recorder J.- ALLEN Velocity 2.5 mph
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FQAM ANALYSIS Project: 8-76-01-001 (9)
By: C. EKorzendorfer Run No.: 19
Date: 22 June 1949
Drainage Blow Up
Locatlon:
5D 6-D 6-D 3-D
~Tme Time
CC's Time CC's (sec) CC's (sec)
22 A5 22 45
6k 60 32 60
70 15 k9 12
13 90 23 90
12 105 Py, 105
18 120 58 120
81 135 62 135
86 150 66 150
0 165 T2 105
Ok 180 17 180
95 195 o2 195
98 210 2__6(L 210
102 225 9 225
1 240 100 | 240
Total 280 Total 247 Total 183 237
Exp. 5.05 Exp. 5.65 Exp. 7.50 6,85
Drainage Rate Dralnage Rate

14,0 22,7




T8

IN SECONDS

TIME

240 (
, —)- {
/.
|80ﬂ -
ol
lzoL z
L1 1/
“6d 5-d |
10 20 30 40 50 60 70 80 20 100 Ho
VOLUME IN CUBIC CENTIMETERS
Fig. 35. Foam drainage, run No. 19.




Project No. 8-76-01-001 (9)
Date_ 22 JUNE 1949
Humidity~ 78 %

Temp. during test 89°F
Weather SUNNY.CLFAR
Test area 60' x 100'
Stakes 10' apart

G F E D
* * N * »*
* * ' * 9%
* * * - ¥*
* //.gs‘_\é;\ *

|
|
\

!

]
!

*

FOG FOAM STUDIES DATA SVEET

Run No,_ 20

Nozzle_2 /2 INTERNAL IMPINGING
JET WITH SCREEN

C B A

* * * 10
* * * 9
* * * 8
* * * 7

»* * "% 6

| AN PATTERN . .l

APPROX.15%0"
* * * *

Data Sheet Recorder

o

w0

"?* * * 3

3

oL

a

a

e * * 2
* * * ]
* * * 0

o . ALLEN

19

Procedure:
Premix
Metered flov_

Pressure:

a. Proportioner 78§ psi
b. Nozzles_ 500  psi
¢. Proportioner used 250

Rotometer HIGH RANGE

Water flow 256 apm

Time of runomin 30 sec

Tot. water used )2 geal

Tot. 1ilquid used_ 2§ gal
4Foam solution 6.1

Blowup at points below:
a._ 5.20
b. S5.90
c._590
d._4.90
Ave, 3.5
Stability - Min/25¢ drain
a.
b.
c.
4.
Ave.

% Solution
a.

b.
c.

Area N
Pattern 835 Ft

Blanket 220 Tt
Ave. Foam Depth

v

Pattern .O53 FT
Blanket 037 FT
Tot. Foam

Vol. Pattern VP 45 FtJ
Vol. Blanket VB 45  Ft>
V.E. = _ 124 TFtO

VE = tot., vol. water plus
foam liquor times ave,
blowup

Eff. VP = 45 = 36.3 ¢

VE, 124
Key
% . Stake
X - Bucket (50 x 3'55")
50cc's drainage - X bucket
- 3'S55" time after end of
foam application

Veloclty 5.2 mph
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FOAM ANALYSIS Project: 8-76-01-001 (9)
By: C. Korzendorfer Run No.: 20
Date: 22 June 1949
Drainage Blow up
Locatlion:
5B 6-E 3-E _LV-E
T™Mme Tme
CC's Time CC's (sec) CC's (sec)
26 45 20 45
29 60 25 60
31 12 28 75
33 90 30 90
: 35 105 32 105
39 120 36 120
L5 135 42 135
l@ 150 Wy 150
52 - 165 46 165
o7 189 o1 180
63 195 55 195
67 210 58r 210
T 235 63 235
| 79 240 67 240
Total 278 Total 240 Total 240 281
Exp. 5.20 Exp. 2.90 Exp. 5.90 4,90
Drainage Rate Drainuge Rate
16.7 - 14,0




TIME IN SECONDS

240

180

120

81

A/

,\
0\:\

Se
—p—Le
68
10 20 30 40 50 60 70 80 90

VOLUME IN CUBIC CENTIMETERS

Fig. 36. TFoam drainage, run No.

2

0.

100




Fig, Lo,

Fig. 41,

Flig. 42,

Fig. k3.

Fig, 44,

APPENDIX 1D

WATFR FOG DISCHARGE PATTERNS
AT DISCHARGE PRESSURES RANGING
FROM 100 PSIG TO 500 PSIG

Water Fog Patterns obtained at 100 to 500 psig
(nozzle Nos. 1 & 2)

Water Fog Patterms obtained at 100 to 500 psig
(nozzle Nos, 4a & 46)

Water Fog Patterns obtained at 100 to 400 psig
(nozzle Nos, 5a & 6a)

Water Fog Patterns obtained at 100 to 500 pslg
(nozzle Nos., 8 & 9a)

Water Fog Patterns at various pressures

83

Page

85

86

o7

88

89




Nossle 1 at 100 pei 184- 3- 348 184- 3- 370

Nossle 1 at 200 psi 184-3-347 Nozszle 2 at 200 psi 184-3- 387

Noszle 1 st 300 psi 184-3-455 Noszzle 3 et 300 psi 184- 3- 374

Noszle 1 at 400 psi 184-3- 456 Noszzie 2 at 400 psi 184- 3- 386

-

Noszssle 1 at 3500 psi 184- 3- 457 Nozzle 2 at 300 psi 184-3-383

Fig. 37. Water fog patterms obtalned at 100 to 500 psig, Left:
Nozzle No, 1, Right: Nozzle No., 2,




Noszle 4b at 100 psi 184-3-402

Noszle 4a st 200 psi 184- 3-450 Nozszle 4b at 200 psi 184-3- 394

Nozzle 4s at 300 psi 184-3-429 Nossle 4b at 300 pai 184-3-401

Noszle 4a at 400 psi 184-3-427 Noszsle 4b at 100 psi 184~ 3- 399

Nossle 4a at 3500 psi 184-3-425 Nozzle 4b at 500 psi 184- 3- 404

Flg. 38, Water Fog Patterns obtained at 100 to 500 psig. Left: Nozzle ka
with tip A and screen, Right: Nozzle 4b,




Nossle Sa at 100 psi 184-3-448 Nozzle 6a st 100 psi 184- 3-446

Nozxle Sa at 200 psi 184-3-436 Noszle 6a at 200 pai 184- 3-445

Nosxle Sa at 300 psi 184- 3-437 Nozzle 6a st 300 psi 184-3-432

Noszle Se at 400 psi 184-3-438 Nozzle 6a at 400 psi 184-3-433

Fig. 39, Water Fog Patterns obtained at 100 to 400 psig. Left:
Nozzle No, 5a., Right: Nozzle No, 6a,




Nosszle 8 at 100 osi 184-3-438 Nozszle 9 at 100 psi 184-3-382

Nossle 8 at 200 psi 184-3-459 Nozsle 9 at 200 psi 184- 3- 384

Nozzsle 8 at 300 psi 184- 3-460 Noszzle 9a at 300 psi 184-3- 388

Noszsle 8 at 400 psi 184-3-461 Nogsle 9a at 400 psi 184-3- 365

Noxsle 8 at 3500 psi 184-3-462 Nossle 9a ot S00 psi 184-3- 366

Fig. 40, Water Fog Patterns obtained at 100 to 500 psig, left: Nozzle
No., 2. Right: Nozzle No, %a.




AN ol

Noszle 19 at 100 psi 195-3-18

184-3.331

Nossle 13 at 100 psi

Nossie 13 at 200 psi 184-3-339

R

Nossle 13 at 300 psi 184-3- 341 Noszsle 19 at 300 psi 195-3-20

Nosslie 18 st 400 psi 184- 3- 338

Nossie 13 at 300 psei 184-3-337

Fig. 41, Water Fog Patterns at various pressures, Ieft: Nozzle
No, 13. Right: Nozzle No, 19 (vertical Pattern)




Flg. 45,
Fig. 46,
Fg. 47,
Fig, L8,
Fig. L9,

Fig. 50.

APPENDIX IE

FOG FOAM SCREENING TESTS

Fog Foam Screening tests,
Fog Foam Screenlng tests,
Fog Foam Screening tests,
Fog Foam Screening tests,
Fog Foam Screening tests,

Fog Foam Screening tests,

(Wozzle Nos, 1 & 2)

(Nozzle Nos, 3 & 1la)
(Nozzle Nos, L4a & ub)
(Nozzle Nos, 5a & 5b)
(Nozzle Nos. 13 & 19)

(Nozzle Nos, 14 & 20)

91
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Nozsle | Run ! et 100 psi 184-3-522 Noszle 2 Run 6 st 100 psi 184-3-519

od®

Nozzle 1| Run 2 at 200 psi 184-3-523 Nozzle 2 Run 7 st 200 psi 184-3-276

.-

-t

J I 1 ' i!“f:"t -
R LT

Nozzle 1 Run 3 at 300 osi 184-3-524 Nozzle 2 Run 8 at 300 psi 184- 3- 270

gt o

Noszlie | Run 5§ at S00 psi 184-3-1253 Nozzle 2 Run 10 st 500 psi 184-3-271

Fig, 42, Fog Foam Screening tests, Nozzle Nos, 1 & 2 at condl-
tions noted,




Nossle 3 Run 11 et 100 psi

184-3-303

Noszle 3 Run 12 st 200 psi 184-3-302

Noszle 3 Run 13 at 300 nosi 184-3-59%

...-1"

Nozsle 3 Run 14 at 400 psi

184-3-304

g -

Noszzle 3 Run 1S at 500 psi 184-3- 305

Fig. 43,

Fog Foam Screening tests,

el ]

Noszle 11a Run 91 at 100 psi 184-3-733

184-3-734

Nozxle 1la Run 93 at 300 psi 184-3-738

Nozzle 11a Run 94 at 400 psi 184-3-732

e

Noszle 11a Run 95 at 500 psi

184-3-645

Nozzle Nos, 3 & lla,




95

Nosszsle 4a Run 16 at 100 psi 184+ 3-491 Nozsle 4b Run 21 st 100 psi 184-3-540

S

Noszle 4a Run 17 at 200 psi 184-3-492 Nozxle 4b Run 22 at 200 psi 184- 3- 256

Nozsie 48 kun 18 st 300 psi 184-3-4913

Noszle 4a Run 19 at 400 psi 184- 3-494 Nozsle 4b Run 24 at 400 psi 384-3-539

ke ey W : )
Nozzle 4a Run 20 at S00 psi 184- 3- 495 Nozzle 4b Run 25 at S00 psi 184-3-557

Mg, M, Fog Foam Screening tests, Nozzle Noa. La & U4b,




184-3-438

184-3-489

Nossle 58 Run 39 at 400 psi

Nossle Sa Run 40 at 300 psi 184- 3-500

Fig. 45. Fog Foam Screening tests.

Nossle Sb Run 44 at 400 psi

Nossle Sb Run 45 et 500 psi

184-3-504

184-3-508

Nozzle Nos, 5a & 5b.




[ ‘.
Nozsle 13 Rua 106 at 100 psi 184-3-272 Nossle 19 Run 136 st 100 psi 184- 3-764

PR R 3
e AR,

Noxsle 13 Run 107 at 200 psi 184-3-252 Nossle 19 Run 137 at 200 psi 184-3-765

} -
4 5 J
i caatls SRt - = i .
Nossle 13 Run 108 at 300 psi 184- 3-590 Nozsle 19 Run 138 at 300 psi 184~ 3-766

hi= =

Nowsle 13 Run 109 at 400 psi 184-3-273 Nossle 19 Run 139 at 139 psi 184-3-768

Noszle 13 Run 110 at S00 psi 184- 3- 250

Fig, 46. TFog foam screening tests, Nozzle Nos, 13 & 19.




i | ’
Nosslie 14 Run 111 at 100 psi 184- 3- 260 Nossle 20 Run 141 at 40 psi 184- 3- 298

P =" o
el ® ) -JM -
Nozsie 14 Run 112 at 100 pai 184-3- 262

Fig. 47. Fog foam screening tests, Left: Nozzle No. 14 at maximm
Iressure obtalnable with test apparatus, approximately 220 psi, Right:
Nozzle No, 20 at maximum pressure, approximately 4o psi.




Fig,
Fig.

Flg.
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APPENDIX IF
ACTUAL FIRE TESTS
Page
Pool Fire Extingulshment with Nozzle No, ka 101

Attempt w0 extinguish pool fire with a Nozzle No, 1 102

Attempt to extingulsh pool fire showing effect of 103
aprlication angle

Extinguishing pool fire with various nozzles 104




101

°(#eTA dn 9S0TO) OJTI TUTUTHUSI JUTUSTNDUTIXS pusB

A£TpTdBa SufpreJds jeyUur[( Weol ‘uoTleoTTdd® TBTITUT J461IB SPUODSE 09 - @ °weoy yo uopyeorrdde
TBIITUT J09FB spuococas Of LTervuixoxdde 106IJe o8B} 01 SUTUUTISQ 1ONUBTQ Weod = 0 °omwpy udanqoxd
BPUOOSE ¢ Joq3F® uo1eOofTdde weOI JoF JO 1aBYIC - g °Tood sapiue Joa0 ATNOonb Surpeeade oIl pus
P TUIT wyjudeu TBTIISNPUI -~ ¥ B °Oll 9TZZ0N Y3Ta qusuysndurixe oxfy Tood uoTTes~Clf °gh "I1d




*£qTeUEqUT TBUITTIO 83T JururTsdes

axTr pus ATprdes uMop Jupwetq weol - ¢ ‘(Tood JO JOWIOO PUBY=-HYSTI JAMOT) PEOTTOIIUCD BOIB TBIO}
J0 uoraxod Trmus L£aoA ATuUQ °*POAFTUS LTUSPPNS UOTFO6ITP PUTMA ‘uopyeoTrdd® TRTATUT J09J® SPUOOES
0cT - 0 ‘uomawoTrdd® Weoy TRTATUL ~ € ‘owy uamgexd sPuooes ¢ J03 1B £q1suequy 83T JO FUITOU

18 8Tl - v °T6d 00€ 1% T °"ON OTZZON U3TA oIty Tood UOTTE3-CLE UeTnBurixe o} sydmelyy “6f “Fwl

eGl-¢~181

gel-¢-ngT 0




*L1pydea Suppeexds pus

*POUSLUTIXe q0U 84T ~ @ °TOJU0O JO no oJfF puw ‘Tood JO syTWIT Jea0 Surpeexds pmmbIT eTqww

m -weTIUT ‘®00aBep (T J9A0 poswOIOUT oTSuw uoyywOTIdY - 0 °TOJ3U00 Jepun oJTd ~ g ‘*oT3usv seJJep
T £1ovmurxoadds 18 weoJ Jo uopqwotrdds TBTATUI - ¥V °"Teny PInbIT Sutuamq pegelywrds puw eousTng
-anj pesneo ‘1ed Q0§ JoA0 aanssead eTzzou Jurswvexoutr puw ouwTd TBJUOZTJIOY WOJIF DPIBMUMOD B800IT0D (T
UBY} S8JI0W 9TZZ0U JO uoysssxdep 3eyl Supmoys oafy Tood uoTTeS~GLE ysBupzxe 03 3dmezavy *06 BT

T9L~£~48T 0




*£90388 01 POAOW ©Q O MOJO PU®R O} 3Ee] Sursnbex ‘ALTueppns BupewveIO
-up £9700TeA puM ‘) 5B 9867 ewsg -~ ¢ ‘uUOT}BOTTAd® TRTIUT I93JB SPUOOSE MEI B 6T2Z0U WEOJ JoT
efdusx 1a0UYs B8 Y3TM - 0 (37 3863 JO 68pe puofeq 180T WEOF 900U €8I 0% 65OTO 004 eTzzou)
€T °ON ©TZZON UITM - € °qf "ON O©TZZON U3TM - V °eary Tood uoTT®S-¢LE SupusinBuisxdy °*T6 °I1d

LEL-¢-HQT a 9¢L-¢-4QT 9




AD-AAGH GO - APP‘ / ATI. 82 058 I

(None )

ORIG. AGENCY NO.

TILE: Fog Foam Studies - and Appendixes A-H%~ A 2’8”6’" ; AP(’ ) l TVIsON

—

AUTHOR(S) ¢ Navarin, R. C.; Malcolm, J, E.
ORIG. AGENCY : U. S, Army Corps of Engineers, Engineer Research and Developmem‘ 1166
PUBLISHED BY (Same) for Bureau of Aeronautlcs Washington, D. C. TOREIING AGENCT WO,
CDWI" ILUSTRATIONS
Aprﬂ‘ 50 —l Unclass. L L English r 128 | tables, diagrs graphs (Same)
ABSTRACT:

Tests were performed to determine the effect of hydraulic pressure on the fire extinguishing
characteristics of fog foam. Moreover, standards of performance for fog foam nozzles were es-
tablished experimentally., Fire tests were made with several nozzles having various percent foam
ylelds and nozzle pressures. The nozzles which produced the highest foam yields and had the most
effective npzzle pressures for use infire fighting were ascextained in screening tests by means of a
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than did the nonaspirating type.
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